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Abstract 
The differentiation of a cell line of human promyelocytic leukemia, HL-60 cells, triggered by 12-O-tetradecanoyl 13-phorbol acetate 
(TPA), depends on the phosphorylation f some proteins, such as 17, 27, and 34 kDa proteins, by protein kinase C. For elucidation of the 
mechanism of ligand-induced ifferentiation of HL-60 cells, the effects of okadaic acid (OA), a phosphatase inhibitor, on cell 
differentiation and protein phosphorylation were studied. After treatment with OA, HL-60 cells differentiated into macrophage-like c lls; 
within 16 h, 70% or more of the treated cells adhered to plastic dishes. The adherent cells did not undergo mitosis but began activities 
such as phagocytosis. OA increased the phosphorylation f 17, 23, 27, and 34 kDa proteins, as did TPA. The amount of annexin I (39 
kDa protein) in HL-60 cells caused to differentiate with OA was 7.5-fold that without such treatment. Kinetic analysis showed that 
increased transcription of annexin I mRNA caused the increase in annexin I in the differentiated cells. Thus, OA and TPA increased 
cellular levels of annexin I and caused the differentiation of HL-60 cells into macrophage-like c lls. 
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1. Introduction 
That calcium is a second messenger helping to regulate 
cell function is widely accepted. During cell proliferation, 
the intracellular calcium level often increases. The ligand- 
induced differentiation of a cell line of human promyelo- 
cytic leukemia, HL-60 cells, into granulocytes is acceler- 
ated by a decrease in the intracellular calcium level [1]. 
When stimulated by 12-O-tetradecanoyl 13-phorbol acetate 
(TPA), HL-60 cells differentiate into macrophages [2-5]. 
Differentiation of HL-60 cells depends on the activation of 
protein kinase C (PKC) [6-8]. In fact, some proteins, such 
as 17, 27 [9,10], and 34 kDa [10] proteins, in HL-60 cells 
are phosphorylated by treatment of the cells with TPA. 
Abbreviations: OA, okadaic acid; TPA, 12 O-tetradecanoyl 13-phor- 
bol acetate; PKC, protein ldnase C; EGTA, ethylene glycol-bis- 
N,N,N',N'-tetraacetic a id; SDS-PAGE, sodium dodecyl sulfate poly- 
acrylamide gel electrophoresis; PBS, phosphate-buffered saline; NSE, 
non-specific esterase; PMSF, phenylmethylsulfonyl fluoride; TBS, Tris- 
buffered saline; RIPA buffer, radioimmunoprecipitation assay buffer. 
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The TPA-induced phosphorylation of these proteins is 
important in triggering superoxide generation by the differ- 
entiated cells [11]. Thus, information about substrates for 
PKC is important for understanding of the mechanism of 
TPA-induced differentiation of HL-60 cells. 
Annexin I (a 39 kDa protein) is a calcium-dependent 
phospholipid-binding protein [12,13]. This protein is 
translocated from the cytoplasm to the plasma membrane 
after treatment of the cells with various substances [14]. 
Annexin I is phosphorylated by PKC in its amino-terminal 
region [15] and, hence, this protein has been postulated to 
act in cellular signal transduction. This protein is an excel- 
lent substrate for tyrosine kinase (epidermal growth factor 
receptor kinase) [15] as well. Annexin I seems to partici- 
pate in the regulation of cell differentiation and growth. 
Tachibana et al. [16] found okadaic acid (OA) in Hali- 
chondria okadai and Halichondria melanodocia nd iso- 
lated it. OA is a polyether compound of C38-fatty acid, and 
it specifically inhibits protein phosphatase (types I and 
IIA) [17]. The acid acts as a non-TPA-type tumor promoter 
(that is, it does not bind to the receptor for phorbol ester), 
so the amount of phosphorylated proteins in HL-60 cells 
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increases after treatment with OA [18]. Suganuma et al. 
[18] reported that OA does not cause adhesion of HL-60 
cells, but that this polyether might induce the differentia- 
tion of HL-60 cells into macrophage-like c lls. Our study 
showed that OA increased cellular levels of annexin I and 
its mRNA and induced the differentiation of HL-60 cells. 
described elsewhere [20]. Phagocytotic activity was as- 
sessed by measurement of the uptake of Lumisfier beads 
(Toray, Kyoto, Japan). In all experiments, atleast 200 cells 
were counted under a light microscope. 
2.4. Labeling and two-dimensional electrophoresis of cell 
proteins 
2. Materials and methods 
2.1. Materials 
RPMI 1640 medium and fetal calf serum were obtained 
from Flow Laboratories (McLean, VA, USA). 
Methionine-free RPMI 1640 medium was purchased from 
Gibco/BRL (Grand Island, NY, USA). Phosphate-free 
RPMI 1640 medium was from Nikken Biomedical Labora- 
tory (Kyoto, Japan), and L-[35S]methionine and [32p]p i 
were from ICN Radiochemicals (Irvine, CA, USA). Anti- 
rabbit immunoglobulin complexed with labeled peroxidase 
was purchased from Organon Teknika (Durham, NC, 
USA). Polyvinylidene difluoride filters (Immobilon-P) 
were purchased from Millipore (Bedford, MA). Hybond-N 
membranes, a Megaprime labeling kit, and a Western 
blotting detection kit were purchased from Amersham 
(Tokyo, Japan). TPA was purchased from Funakoshi 
(Tokyo, Japan). Restriction enzymes were obtained from 
Toyobo (Osaka, Japan) and Takara Shuzo (Kyoto, Japan). 
Protein A-Sepharose CL-4B was purchased from Sigma 
(St. Louis, MO, USA). OA was the gift of Dr. Y. Oy- 
anagui (Fujisawa Pharmaceutical, Osaka, Japan). All other 
chemicals were of analytical grade and were obtained from 
Nacalai Tesque (Kyoto, Japan). 
2.2. Cell culture 
HL-60 cells were grown in 60 mm culture dishes in 
RPMI 1640 medium containing 10% heat-inactivated fetal 
calf serum, streptomycin (5 mg/ml), and penicillin (50 
units/ml). The cells (2. 105/ml) were seeded, treated 
with 16 nM TPA and various concentrations of OA, and 
cultured in a humidified atmosphere containing 5% CO 2 at 
37 ° C. 
2.3. Evaluation of cell differentiation 
Differentiation of HL-60 cells treated with OA or TPA 
was assayed morphologically, cytochemically, and bio- 
chemically. Cells were counted with a hemocytometer, and 
their viability was assayed by a Trypan blue exclusion test. 
For the morphological ssay, cultured cells were stained 
with Giemsa solution. For the cytochemical ssay of dif- 
ferentiation, non-specific esterase (NSE) activity was as- 
sayed cytochemically b  staining for esterase activity with 
a-naphthylbutyrate s the substrate [19]. The percentage of
nitroblue tetrazolium (NBT) reduction was measured as 
After incubation of HL-60 cells (3 • 10 6 /ml )  in Pi-free 
RPMI 1640 medium for 30 min at 37 ° C, carrier-free 
[32 P]Pi was added to a final concentration f 0.25 mCi/ml. 
After 15 min at 37 ° C, cells were treated with either 16 nM 
TPA or 75 nM OA for 30 min at 37 ° C. The cells were 
then washed three times with Ca 2÷- and Mg2+-free phos- 
phate-buffered saline (PBS) by centrifugation at 600 x g 
for 5 min. The cytosolic fraction was obtained from the 
cell pellets by the method of Pelech et al. [21] and 
dissolved in 200 /zl of isoelectrofocusing buffer (9.5 M 
urea, 2% Nonidet P-40, 5% 2-mercaptoethanol, and 2% 
LKB ampholytes, pH 3.5-9.0). After removal of insoluble 
materials by centrifugation for 30 min at 10000 X g at 
4 ° C, the supernatant was stored at - 80 ° C. Samples con- 
taining 10 /zg of proteins were analyzed by two-dimen- 
sional polyacrylamide gel electrophoresis (PAGE) as de- 
scribed elsewhere [22]. First-dimensional isoelectric focus- 
ing gels contained 2% LKB ampholytes (pH 3.5-9) and 
second-dimensional electrophoresis was done by PAGE 
with sodium dodecyl sulfate (SDS) and 12% polyacryl- 
amide. After electrophoresis, gels were fixed, stained, and 
dried. Autoradiography was done with Kodak XAR-5 X-ray 
film (Rochester, NY) at -80°C with an intensifying 
screen. 
2.5. Preparation of anti-39 kDa protein antibody 
Recombinant 39 kDa protein was purified from a yeast 
extract as described previously [23]. In brief, Saccha- 
romyces cerevisiae EH-13-15 containing pYGPL-100 was 
grown at 30°C for 40 h in 7 1 of Burkholder's medium 
[24]. Cells (40 g, wet weight) collected by centrifugation 
were disrupted by a Bead Beader (Biospeck Products, 
Boston, MA) in 50 ml of 50 mM Tris-HC1 buffer (pH 7.5) 
containing 5 mM ethylene glycol-bis-N,N,N',N'-tetra- 
acetic acid (EGTA), 1 mM phenylmethylsulfonyl fluoride 
(PMSF), and 0.01% leupeptin. The lysate was centrifuged 
at 5000 x g at 4 ° C for 30 min. To the supernatant, 10 mM 
CaC12 was added, and the mixture was centrifuged at 
5000 X g for 30 min. The precipitate was dissolved in 50 
ml of 50 mM Tris-HCl buffer (pH 7.5) containing 150 mM 
KCI, 1 mM PMSF, and 0.01% leupeptin. Then, 20 mM 
EGTA was added to extract proteins that were bound to 
the membrane fraction CaZ+-dependently. (NH4)2SO 4 was 
added to the extract o 100% saturation. After centrifuga- 
tion of the suspension at 5000 X g for 30 min, the precipi- 
tated fraction was dialysed against 3 1 of 25 mM tri- 
ethanolamine-aminodiacetic acid (pH 8.3). The dialysed 
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Fig. 1. Effects of okadaic acid on the growth of HL-60 cells. Growth of 
HL-60 cells in a medium containing 0 (O), 25 (O), 50 (zx), 75 (• ) ,  or 
100 nM (• )  OA. Cells were counted with a hemocytometer, and their 
viability was assessed by Trypan blue exclusion. Values are means + S.D. 
of triplicate samples. 
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Fig. 2. Effects of OA on the number of adherent HL-60 cells. Cells 
(2.105/ml) were incubated with various concentrations of OA. The 
number of adherent cells was counted with a hemocytometer. Values are 
means + S.D. of triplicate samples. (O)  25 nM OA, (A)  50 nM OA, (• )  
75 nM OA, ( - )  100 nM OA, (X) 16 nM TPA. 
sample was purified by chromatofocusing (Mono-P, pH 
8.0-5.0). Then the pH 7.8 fraction enriched with annexin I 
was treated by gel filtration chromatography on a column 
of TSK gel 3000SW. The purified annexin I (100 /~g) was 
dissolved in 1 ml of 20 mM N-hydroxyethylpiperazine-N'- 
2-ethanesulfonic a id-HC1 (pH 7.4) containing 100 mM 
KCI, suspended in Freund's complete adjuvant, and in- 
jected subcutaneously into a female White New Zealand 
rabbit (SLC, Shizuoka, Japan). Two weeks after the first 
injection, the same amount of annexin I suspended in 
Freund's incomplete adjuvant was injected. After a total of 
four injections of the antigen on this schedule, specific 
antiserum against annexin I was obtained; the titer of the 
antiserum was found by an enzyme-linked immunosorbent 
assay. To the serum was added (NH4)2SO 4 to 33% satura- 
tion. After centrifugation f the suspension at 5000 × g for 
30 min, the precipitated fraction was dialysed against PBS 
and used as the partially purified antibody against annexin 
I. 
2.6. Immunoblotting of annexin I 
After cells were washed three times with Ca 2÷- and 
MgZ+-free PBS, 6- 10 6 undifferentiated HL-60 cells were 
lysed in 500 p~l of radioimmunoprecipitation assay (RIPA) 
buffer (50 mM Tris-HC1 buffer (pH 8.0), 150 mM NaCI, 
1% Triton X-100, 1% deoxycholate, and 0.1% SDS) con- 
taining 1 mM EGTA, 0.01% leupeptin, and 1 mM PMSF. 
The lysate was centrifuged for 30 min at 10000 X g at 
4 °C. SDS was added to the supernatant to the final 
concentration f 5%, and the mixture was boiled at 100 °C 
for 3 min. The samples were then treated by 12% SDS- 
PAGE. The electrophoresed proteins were transferred to a 
polyvinylidene difluoride filter by the method of Towbin 
et al. [25]. Then the filter was incubated with 5% non-fat 
dry milk in Tris-buffered saline (TBS; 20 mM Tris-HCl, 
(pH 7.4), and 150 mM NaC1) at 4 ° C overnight and then 
with the partially purified antibody against annexin I (di- 
luted 1:2000) in TBS containing 1% non-fat dry milk at 
room temperature for 1 h. The filter was washed with TBS 
containing 0.05% Tween-20 and incubated for 1 h with 
anti-rabbit immunoglobulin antibody labeled with peroxi- 
dase and diluted 1:2000. The filter was washed extensively 
with TBS containing 0.05% Tween-20. Then immuno- 
reactive protein bands were made visible by autoradiog- 
raphy of the Western blots. 
(A) (B) (C) 
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Fig. 3. Morphological changes in HL-60 cells caused by treatment with OA or TPA. After incubation with no additions (A), 75 nM OA (B), or 16 nM TPA 
(C) for 24 h, cells were treated with Giemsa stain. 
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Fig. 4. Effects of OA and TPA on phagocytosis, NSE activity, and NBT 
reduction by HL-60 cells. After incubation with 75 nM OA or 16 nM 
TPA for 16 h, cells were analyzed for phagocytotic activity (A), NSE 
activity (B), and reduction of NBT (C) as described in the text. 
2. 7. Labeling with [35S]methionine and immunoprecipita- 
tion 
After cells were washed three times with methionine- 
free RPMI 1640 medium, 2. l0 s undifferentiated HL-60 
cells were grown in 1 ml of RPMI 1640 medium contain- 
ing 5% dialysed fetal calf serum, 50 /zCi /ml  
[3SS]methionine, and various reagents for 4, 8, or 16 h at 
37 ° C. Then cells were washed with Ca 2+- and Mg2+-free 
PBS and lysed in 1 ml of RIPA buffer. After centrifugation 
of the suspension at 15 000 x g at 4 ° C for 30 min, 500/~1 
of the supernatant was incubated with normal rabbit serum 
(10/zl) at 4 ° C for 1 h, and the non-specific aggregate was 
removed by precipitation with protein A-Sepharose CL-4B. 
The supernatant was incubated with 100 ~g of the par- 
tially purified antibody against annexin I (100 /xl) at 4 ° C 
overnight. The immune complexes that formed were pre- 
cipitated with protein A-Sepharose CL-4B, washed exten- 
sively with RIPA buffer, dissolved in 100 ml of 50% SDS 
solution, and analyzed by SDS-PAGE. The gels were 
treated with Enlightening solution (New England Nuclear, 
Boston, MA) at 25°C for 30 min at room temperature, 
dried, and used to expose Kodak XAR-5 film with an 
intensifying screen at - 80 ° C. 
2.8. Northern blot analysis 
Total RNA of HL-60 cells was isolated by a method 
using acid guanidine (guanidium) thiocyanate, phenol, and 
chloroform [26]. In brief, 6 • 10 6 HL-60 cells were homog- 
enized by being drawn into and ejected from an 18-g 
needle attached to a syringe in 0.5 ml of solution contain- 
ing 4 M guanidine thiocyanate, 25 mM sodium citrate (pH 
7.0), 0.5% N-lauroylsarcosine, and 100 mM 2-mercapto- 
ethanol. To the homogenate were added 50 /xl of 2 M 
sodium acetate (pH 4.0), 0.5 ml of water-saturated phenol, 
and 100 /xl of a 24:1 (v /v)  mixture of chloroform and 
3-methyl-l-butanol. The mixture was centrifuged at 10 000 
x g at 4 ° C for 10 min. The aqueous phase was mixed 
with 0.5 ml of 2-propanol and incubated at - 20 ° C for 1 
h. After centrifugation of the incubated mixture at 10 000 
X g at 4°C for 10 min, the precipitated RNA was dis- 
solved in 500 /xl of guanidine thiocyanate solution and 
incubated with 1 vol. of 2-propanol at -20°C for 1 h. 
After centrifugation at 10000 X g for 10 min at 4 ° C, the 
precipitated RNA was suspended in 75% ethanol, sedi- 
mented by centrifugation, and dried under reduced pres- 
sure. Then the precipitate was dissolved in 100/zl of 0.5% 
SDS. The total RNA (20 /zg) was put on a 1.2% agarose 
gel containing 3-[N-morpholino]propanesulfonic acid and 
formaldehyde [27] and was transferred to a nylon filter 
(Hybond-N). After prehybridization i  Denhardt's solution 
containing 0.1% SDS, 100 ~g/ml  denatured salmon DNA, 
and 5 X SSC buffer (1 X SSC is 0.15 M NaCl plus 0.015 
M sodium citrate) for 3 h, the filters were hybridized with 
a [32p]pi_labeled annexin I eDNA probe [28] at 42°C for 
20 h. After the filter was washed with 2 X SSC buffer 
pH 
Acidic Basic Acidic Basic Acidic Basic 
A B C 
Fig. 5. Effects of OA and TPA on protein phosphorylation in HL-60 cells HL-60 cells were labeled with [32pIP i and treated for 30 min with either 75 nM 
OA or 16 nM TPA. The cells were lysed and the whole-cell proteins were treated by two-dimensional gel electrophoresis. (A) control, (B) OA-activated 
cells, (C) TPA-activated cells. Arrows indicate 17, 23, 27 and 34 kDa phosphorylated proteins (pp. 17, 23, 27, and 34, respectively). 
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containing 0.1% SDS at 2,5 ° C and with 0.5 × SSC buffer 
containing 0.1% SDS at 65°C, the filter was used to 
expose Kodak XAR5 film at - 80 ° C with an intensifying 
screen. 
3. Results 
3.1. Growth and adhesion of i lL-60 cells 
concentrations of 50 nM or more (Fig. 2). Adhesion of 
ceils depended on the dose of OA and the incubation time. 
In the presence of 75 nM OA, 70% of cells adhered within 
16 h (not shown). OA at 25 nM did not cause adhesion. 
Presumably due to the toxic effects of OA, the number of 
adherent cells decreased at the ligand concentration f 100 
nM. A low concentration of TPA (16 nM) caused HL-60 
cells to adhere. There was a lag before adhesion with OA, 
but not with TPA. 
The number of HL-60 cells increased uring culture 
(Fig. 1). OA inhibited the proliferation of HL-60 cells 
dose-dependently by 24 h of culture. When incubated with 
100 nM OA for 36 h, the viability of cells decreased to 
less than 10%. OA caused adhesion of HL-60 cells at 
3.2. Morphological and functional changes caused by OA 
and TPA 
Fig. 3 shows morphological changes in HL-60 cells. 
Untreated HL-60 cells treated with Giemsa stain had large 
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Fig. 6. Effects of TPA and OA on cellular levels of annexin I. HL-60 cells (2- 105/ml) were treated with 75 nM OA (lanes 2-5) or 16 nM TPA (lanes 
6-9). Cells were lysed with SDS at 0 (lane 1), 4 (lanes 2and 6), 8 (lanes 3and 7), 16 (lanes 4and 8), and 24 h (lanes 5and 9) after treatment. The extracts 
were analyzed by Western blotting as described inthe text. (1) A: silver staining of 12% SDS-PAGE; B: Western blotting with anti-annexin I antibody. 
39K, annexin I; (2) Changes with time in annexin I levels found by densitometric analysis. (0) TPA treatment, (• )  OA treatment. Values are means of 
duplicate experiments. 
28 E.F. Sato et aL / Biochimica et Biophysica Acta 1266 (1995) 23-30 
12345 678910 
39K ~ ,-1.4kb 
G3PDH ~ t ~ ~ ~ g 
Fig. 7. Northern blotting of annexin I mRNA. HL-60 cells (2. 105/ml) were treated with 16 nM TPA (lanes 2-5) or 75 nM OA (lanes 7-10) for 0, 4, 8, 
16, or 24 h. The cells were lysed in 4 M guanidine thiocyanate for preparation f whole-cell RNA. RNA (20 p.g) was electrophoresed on formaldehyde 
gels and transferred toHybond-N filters for Northern blotting. The amount of glyceraldehyde 3-phosphate d hydrogenase (G3PDH) mRNA was used as 
the internal control. The RNA on the membrane was hybridized with a 32p-labeled cDNA probe for annexin I. 1, no treatment; 2, 16 nM TPA for 4 h; 3, 
16 nM TPA for 8 h; 4, 16 nM TPA for 16 h; 5, 16 nM TPA for 24 h; 6, no treatment; 7, 75 nM OA for 4 h; 8, 75 nM OA for 8 h; 9, 75 nM OA for 16 h; 
10, 75 nM OA for 24 h. 39K, annexin I.
nuclei (Fig. 3A). Treatment with 75 nM OA (Fig. 3B) or 
16 nM TPA (Fig. 3C) for 24 h resulted in the nuclear 
condensation and cytosolic spreading that are characteristic 
of macrophage-like c lls. 
Phagocytosis by cells increased after incubation with 
OA or TPA (Fig. 4). The percentages of cells with NSE 
activity increased as well, as did the percentage that re- 
duced NBT. 
autoradiograms showed that, after 16 h of incubation, OA 
and TPA increased the amount of annexin I by 8- and 
6-fold, respectively (Fig. 6). The changes with time in the 
increase in annexin I seemed to parallel those for induction 
of adhesion of HL-60 cells. 
3.5. Effects of OA and TPA on the synthesis of annexin I
and its mRNA 
3.3. Phosphorylation caused by OA and TPA of cellular 
proteins 
Fig. 5 shows the electrophoretic profiles of 32 P-labeled 
proteins from HL-60 cells. Overall, the amounts of phos- 
phorylated proteins increased when cells were treated with 
OA (Fig. 5B) or TPA (Fig. 5C). Phosphorylation of 17, 23, 
27, and 34 kDa proteins, in particular, increased (these 
proteins had pls of 5.8, 5.5, 6.0, and 4.0, respectively). 
3.4. Effects of OA and TPA on cellular levels of annexin I 
protein 
Cellular levels of annexin I increased uring incubation 
with either OA or TPA. Densitometric analysis of the 
35S-methionine-tebelte d 39K 
1 23  456  789  
~ e39K 
TIME(h)4 816 4 816 4 816 
Control OA TPA 
Fig. 8. De novo synthesis of annexin I (39-kDa protein) in HL-60 cells. 
Cells (1.10 6) were cultured in 1 ml of methionine-free RPMI 1640 
medium containing 5% dialysed FCS in the presence or absence of 16 
nM TPA and 75 nM OA. After 4, 8, and 16 h, cell lysates were prepared 
and 35S-labeled annexin I (39-kDa protein) was immunoprecipitated with
specific antibody as described in the text. The gels were dried and 
exposed for 24 h. 
Cellular levels of mRNA for annexin I were high after 8 
h of incubation with OA and were at baseline levels after 
24 h (Fig. 7). Changes with TPA were similar. Levels of 
mRNA were higher at 8 h than at 4 h and slowly decreased 
thereafter. 
Fig. 8 shows the amount of annexin I synthesized e 
novo in HL-60 cells. Cellular levels of annexin I were high 
after 16 h of incubation with OA or TPA. With TPA 
treatment, he level of annexin I was highest at 8 h and had 
decreased slightly at 16 h. The synthesis of annexin I 
mRNA (Fig. 7) and the cellular levels of 35S-labeled 
annexin I (Fig. 8) seemed to occur at about the same time. 
4. Discussion 
We found that OA and TPA increased cellular levels of 
annexin I (39 kDa protein) and induced the differentiation 
of HL-60 cells into macrophage-like c lls. Suganuma et al. 
[18] reported that OA does not induce such differentiation. 
At micromolar concentrations, OA had strong cytotoxicity 
for these cells, which rapidly degenerated ( ata not shown). 
Like TPA, OA increased phagocytosis and NSE activity 
and caused the nuclear condensation and cytosolic spread- 
ing that is characteristic of macrophage-like cells. OA 
triggers morphological changes in K562 cells [31] and 
U937 cells [32], which become macrophage-like cells. 
Taken together, these findings suggested that OA stimu- 
lates some metabolism in HL-60 cells needed for differen- 
tiation. 
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At nanomolar concentrations, OA inhibits phosphatase 
types I and IIA in vitro [33]. Haystead et al. [34] reported 
that OA inhibits types I and IIA protein phosphatase with 
an IDs0 of 20 and 0.2 nM, respectively, and increases 
phosphorylated proteins in adipocytes and hepatocytes with 
an IDs0 of 200 nM. Our study showed that nanomolar 
concentrations of OA increased the phosphorylation of 17, 
23, 27, and 34 kDa proteins. Phosphorylation of these 
proteins occurred within 30 min. Levels of OA-induced 
phosphorylation remained high until the cells died, but 
TPA-induced phosphorylation was maximum 1 h after 
incubation started (data not shown). Guy et al. [35] re- 
ported that the profiles of OA-induced phosphorylation of
17, 27, and 34 kDa proteins differ from those observed 
with fibroblasts treated with TPA. They suggested that OA 
induces the phosphorylation of 17, and 27 kDa proteins in 
parallel with that induced by TPA. They reported that OA 
and tumor necrosis factor-a/interleukin-1 increased pro- 
tein phosphorylation, through a common pathway. Tumor 
necrosis factor-or caused HL-60 cells to differentiate into 
macrophage-like c lls [36,37], so OA-dependent phospho- 
rylation might trigger such differentiation. However, we 
found no evidence that the mechanism that causes differen- 
tiation is mediated through inhibition of phosphatase. The 
relationship between OA-dependent phosphorylation and 
differentiation is not cleat. 
OA caused cell adhesion more slowly than TPA did. 
Such a lag period was found when OA caused peritoneal 
macrophages to produce prostaglandin E 2 [38]. OA-in- 
duced production and release of radioactive prostaglandin 
E 2 from macrophages labeled with [3H]arachidonate are 
inhibited by cycloheximide [38], so certain proteins re- 
sponsible for the adhesion would be synthesized uring the 
lag phase. In fact, both the expression of annexin I and the 
adhesion of OA-treated cells occurred more slowly than 
when cells were treated with TPA (compare Figs. 2 and 6). 
Both OA and TPA rapidly increase cellular levels of 
mRNA for c-jun and c-los, and also increase the AP-1 
enhancer activity and phosphorylation of c-jun protein 
[32]. OA increases such transcription more slowly than 
TPA does, so OA-induced cellular events, including cell 
adhesion and annexin I expression, might have a lag 
period. 
OA increases the synthesis of both mRNA and annexin 
I. Kovacic et al. [39] reported that the nucleotide sequence 
of the human annexin I promoter gene has little similarity 
with the consensus equences of transcriptional binding 
factors, and that an exact repeat of 22 base pairs in the 
human promoter gene contains the motif GGAAA, which 
has been found in well-characterized responsive lements 
and enhancer sequences recognized by transcription factors 
regulated by interferons, mitogens, and serum factors. 
Levels of annexin I in HL-60 cells were increased by OA 
and TPA. The increase in cellular levels of annexin I with 
TPA has been reported earlier [29,30]. OA induces tran- 
scriptional factors such as c-jun and c-los in U937 cells 
[32], so these factors might increase promoter activity of 
annexin I and increase the levels of annexin I. Several 
groups have found that differentiation of HL-60 cells is 
associated with increased synthesis and metabolism of 
arachidonic acid [40-42]. 
In summary, our results indicate that phosphorylation 
and expression of certain proteins caused by TPA or OA 
results in the differentiation of HL-60 cells into 
macrophage-like c lls. OA could be useful for analysis of 
the mechanisms of cell differentiation. 
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